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Description

Background of the invention

This invention relates to phase and frequency
modulation and more particularly to apparatus
and methods for precise phase and frequency
modulation of phase-locked loop frequency
synthesizers.

[t is known in the art that a phase-locked loop
circuit can be angle modulated (phase or
frequency modulated) over a wide band of
frequencies that includes frequencies both
greater than and less than the loop bandwidth by
injecting modulation components at two separate
circuit nodes of the phase-locked loop system. For
example US—A—4,052,672, issued to Enderby et
al. discloses a divide-by-N phase-iocked loop
system wherein frequency modulation is effected
over a relatively wide range of modulation
frequencies by phase modulating the system via a
first modulation path for all frequencies within the
loop bandwidth and by frequency modulating the
loop via a second modulation path for all
modulating frequencies outside the loop
bandwidth. More specifically, in such a prior art
arrangement, the first modulation path includes
circuitry for integrating the applied modulation
signal and for summing the integrated signal with
the signal provided by the phase-locked loop
phase detector. The second modulation path
includes circuitry for summing the applied
modulation signal with the frequency control
signal (i.e., the loop error signal) that is coupled to
the phase-lock loop voltage-controlled oscillator
(VCO). Relatively flat modulation characteristics
are achieved in such a system by establishing the
gain constant (i.e., sensitivity) of the moduiation
path that includes the integrator circuit substan-
tially equal to the reciprocal of the loop
bandwidth.

An alternative prior art arrangement frequency
modulates the phase-locked loop reference
oscillator, rather than phase-modulating the
system phase detector. More specifically, such a
prior arrangement differs from the above-
described system in that the integrator circuit is
omitted and the first modulation path controls the
frequency of a reference oscillator {e.g., a voltage-
controlled crystal oscillator) that provides the
reference signal to the phase-locked loop phase
detector. In such a system reiatively flat
modulation will be attained as long as the gain
factor associated with the path including the
voltage-controlied crystal oscillator is established
so that the product of the frequency deviation of
the reference oscillator, multiplied by frequency
division ratio (N) of the phase-locked loop is equal
to the deviation produced by the voltage-
controlled oscillator that supplies the system
output signal.

EP—A—001942, which falls under Article 54(3)
EPC discloses use of a variable frequency divider
in a conventional phase-lock loop, the variable
frequency divider being controlled by a frequency
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selector by means of which the desired output
frequency is selected.

Although prior art systems of the above-
mentioned types may provide satisfactory
operation under some conditions, disadvantages
and drawbacks are encountered when the phase-
lock loop is configured to provide -carrier
frequencies over an extended frequency range
{e.g., an octave or more) and when additional
circuitry is included within the phase-lock loop. In
particular, the frequency division ratio, N, in such
a system is not a constant, but is varied to select
the desired carrier frequency. Moreover, the gain
factor of the system VCO (Kv} is not constant, but
exhibits a somewhat unpredictable variation with
frequency uniess, for example, specialized circuit
arrangements such as YiG-tuned voltage-
controlled oscillator are employed. With respect
to the inclusion of additional circuitry within the
phase-lock foop, such circuitry is often required in
order to provide additional features or effect
operation beyond the capabilities of a basic
phase-lock iloop. For example, the copending U.S.
Patent Application Serial No. 168,066 of Floyd D.
Erps and Raymond L. Fried, entitled ‘‘Phase-lock
Loop Frequency Synthesiser”, filed 14th July
1980 and corresponding to our EPC Patent
Application 81302908.9 filed on the same day as
this application discloses a programmable divide-
by-N phase-lock loop which provides frequency
resolution greatly exceeding that of conven-
tionally arranged phase-locked loops wherein
some embodiments of the disclosed system
include a complete phase-locked loop that is
embedded in the feedback path of the frequency
synthesizer loop. This additional phase-locked
loop, in effect, serves as a tracking filter which
attenuates spurious signal components produced
by a single-sideband mixer circuit.

The high resolution phase-locked loop system
disclosed in the above-mentioned Patent
Application of Floyd Erps et al, and other phase-
locked loop arrangements that have additional
frequency-sensitive networks in the loop
feedback path do not exhibit flat modulation
characteristics when modulated by the
previously-discussed prior art techniques.
Further, the variation in the frequency division
ratio- is that required in order to provide the
desired carrier frequencies and frequency-related
deviations in the gain factor of the VCO of a
phase-locked loop system can easily prevent a
system from attaining a desired modulation
flatness, including the high resolution phase-
locked loop system disclosed in the above-
mentioned Patent Application of Erps et al.

Accordingly, it is an object of this invention to
provide a circuit arrangement for angie
modulation of a phase-locked loop system which
is augmented with frequency-sensitive com-
ponents or networks that are embedded in the
phase-locked loop feedback path.

It is another object of this invention to provide a
signal source that can be selectively phase or
frequency modulated wherein the signal source



3 0 044

includes compensation for carrier frequency-
related variations in the gain factors associated
with the loop VCO and compensation for changes
in the loop frequency division ratio as well as
compensation for variations caused by
frequency-sensitive networks that are embedded
in the phase-locked loop feedback path.

Still further, it is an object of this invention to
provide a modulation compensation network for
a high resolution phase-locked loop system of the
type disciosed in the above-referenced Patent
Application of Floyd D. Erps et al.

According to one aspect of this invention there
is provided a modulated phase-locked loop
system including phase detector means having
first and second input ports and an output port,
controlled oscillator means for supplying an
output signal at a frequency determined by a
frequency control signal applied to a control
terminal of said controlied oscillator means, said
controlled oscillator output signal and a reference
signal being respectively coupled to said first and
second input ports of said phase detector means,
coupling means responsive to a signal at said
output port of said phase detector means to
provide said frequency control signal to said
controlled oscillator control terminal, said
modulated phase-locked loop including first and
second modulation paths with said first
modulation path supplying a modulation signal to
said controlled oscillator control terminal and
said second modulation path supplying said
modulation signal to an input port of said
coupling means; wherein the signal path
coupling said output signal of said controlled
oscillator means to said first input port of said
phase detector means includes a circuit stage
having a transfer characteristic that varies as a
function of the frequency of the output signal
produced by said controlled oscillator means;
and compensator means are connected in said
second modulation path for substantially
eliminating differences in system moduiation
characteristic caused by said circuit stage as a
function of the carrier frequency of said
modulated phase-iocked loop system, said com-
pensator means being configured and arranged
to exhibit a transfer characteristic that substan-
tially equals said transfer characteristic of said
circuit stage in said signal path coupling said
output signal of said controlied oscillator means
to said first input port of said phase detector
means.

According to another aspect of this invention
there is provided signal generating apparatus for
selectively supplying a frequency-modulated or
phase-modulated signal to a system output
terminal, said signal generating apparatus com-
prising:

a voltage-controlled oscillator responsive to an
applied control signal for supplying a signal at a
frequency determined by said applied control
signal, said voltage-controlied oscillator having
an output terminal connected to said system
output terminal;
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signal mixing means having first and second
input ports and an output port, said first input port
of said signal mixing means being connected for
receiving said signal supplied by said voltage-
controlled oscillator, said second input port of
said signal mixing means being connected for
receiving an applied periodic signal;

tracking phase-locked loop means having a
predetermined signal transfer characteristic and
having an input port and an output port, said
input port of said tracking phase-locked loop
means being connected to said output port of said
signal mixing means;

programmable frequency divider means
responsive to an applied frequency programming
signal, said programmable frequency divider
means having an input terminal and an output
terminal with said input terminal being connected
to said output terminal of said tracking phase-
locked loop;

phase detector means having first and second
input ports and an output port, said first input port
of said phase detector means being connected to
said output terminal of said programmable
frequency divider means, said second input port
of said phase detector means being connected for
receiving a reference signal at a predetermined
frequency;

filter means having an input terminal and an
output terminal, said input terminal of said filter
means being connected to said output port of said
phase detector means, said output terminal of
said filter means being connected for supplying a
portion of said control signal to said voltage-
controlled oscillator means; .

modulation compensation means having an
input terminal and an output terminal, said input
terminal of said modulation compensation means
being connected for receiving a modulation
signal, said modulation compensation means
including circuit means having a signal transfer
characteristic that is substantially equal to the
signal transfer characteristic of said tracking
phase-locked loop;

integrator/amplifier means having an input
terminal and an output terminal, said input
terminal of said integrator/amplifier means being
connected to said output terminal of said
modulation compensation means, said output
terminal of said integrator/amplifier means being
connected to said input terminal of said filter
means, said integrator/amplifier means including
circuit means for selectively amplifying a signal
supplied to said input terminal of said integrator/
amplifier means or integrating a signal applied to
said input terminal of said integrator/amplifier
means, said integrator/amplifier means further
including switch means for selectively operating
said circuit means for integrating or amplifying;
and

amplifier/differentiator means having an input
terminal and an output terminal, said output
terminal of said amplifier/differentiator means
being connected to supply a second portion of
said control signal of said voitage-controlled
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oscillator means, said input terminal of said
amplifier/differentiator means being connected
for receiving said modulation signal, said
amplifier/differentiator means including circuit
means for selectively amplifying a signal applied
to said input terminal of said amplifier/
differentiator means or for differentiating a signal
applied to said input terminal of said amplifier/
differentiating means, said amplifier/
differentiator means further including switch
means for selectively operating said circuit means
for amplifying or differentiating.

In operation of this invention, the compensator
network, which is installed in the signal path
which supplies the modulation signal to the loop
phase detector, substantially reduces frequency-
related signal variation that is induced by an
audio frequency-sensitive network in the loop
feedback path and would otherwise preclude use
of the previously-mentioned frequency
modulation arrangements. For example, in the
type of modulated phase-locked loop system
disclosed by the previously-referenced Patent to
Enderby et al, the compensator network is
connected in cascade with the integrator circuit.
In the prior art system which employs a
frequency-modulated voltage-controlled crystal
reference oscillator, the compensator network is
connected in cascade with the oscillator
frequency control port. In either case, the com-
pensator network is arranged so as to exhibit a
transfer function that is equal to, or at least
approximates, the transfer function of the
frequency-sensitive network within the phase-
locked loop feedback path which would otherwise
prevent the system from exhibiting a flat
modulation characteristic.

To prevent variations in the modulation charac-
teristic caused by changes in the VCO gain factor,
the fevel of the modulation signal that is
commonly coupled to both modulation paths is
adjusted as a function of carrier frequency (RF
frequency) and in inverse proportion to carrier
frequency-related changes in VCO gain factor.
Similarly, the gain factor of the loop phase
detector is controlled as a function of the selected
frequency to eliminate changes in loop band-
width and modulation characteristic that would
otherwise occur. In the disclosed embodiments,
compensation for changes in VCO gain factor, K,,
is effected through the use of a multiplying-type
digital-to-analog converter (DAC} unit which, in
effect, serves as a variable attenuator that
establishes the amplitude of the modulating
signal. Compensation for changes in loop
bandwidth is effected with a second DAC, which
is arranged to control the current supplied to a
conventional frequency/phase detector.

The disclosed embodiment is arranged to
selectively configure the system as a frequency-
modulated phase-lock loop or a phase-moduiated
phase-lock loop. In this regard, the integrator
circuit that couples the modulation signal to the
system phase detector is configured for operation
as an amplifier when a switch that is included in
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the integrator/amplifier arrangement is activated.
In a like manner, an amplifier within the
modulation path that supplies a signal to the VCO
frequency control terminal is arranged for
operation as a differentiator circuit when
operation in the phase-modulated mode is
initiated. Regardless of whether the system is
operated as a phase-modulated or frequency-
modulated phase-lock loop, the previously-
mentioned compensator network and com-
pensation for variations in system loop gain and
VCO gain factor permit modulation at frequencies
both inside and outside the loop bandwidth while
providing a relatively constant modulation
characteristic over a wide range of carrier
frequencies.

The disclosed embodiment is configured to
provide substantially flat modulation with a
phase-locked loop configured in the manner
disclosed in the previously-mentioned patent
application of Floyd D. Erps et al. In this embodi-
ment, the compensator network includes three
operational amplifier stages having local
feedback networks and overall feedback which
establishes a transfer function that approximates
that of the complete phase-locked loop network
that is embedded in the feedback path of the
phase-locked loop which serves as a frequency
synthesizer.

Brief description of the drawings

Other objects and advantages of the present
invention will be apparent to one of ordinary skill
in the art upon consideration of the following
description taken together with the accompany-
ing drawing wherein:

Figure 1 is a blocked diagram which iilustrates
the basic arrangement of the invention embodied
for use with a phase-locked loop of the type
disclosed in the previously-mentioned patent
application of Floyd D. Erps, et al.

Figure 2 depicts a phase-locked loop which is
embedded in the feedback path of the frequency
synthesizer of Figure 1 to serve as a tracking filter;
and

Figure 3 illustrates an active circuit arrange-
ment which simulates the transfer function of the
phase-locked loop depicted in Figure 3 and serves
as the compensator unit of the arrangement of
Figure 1.

Detailed description

The invention will now be described relative to
an embodiment thereof that is configured for use
with an augmented phase-locked loop frequency
synthesizer of the type disclosed in the
previously-referenced patent application of Floyd
D. Erps et al., wherein a second phase-locked loop
is. embedded in the feedback path of a phase-
locked foop frequency synthesizer. In this regard,
and with initial reference to Figure 1, the
frequency synthesizer or main loop of the
disclosed embodiment includes a voltage-
controlled oscillator (VCO) 12 which supplies a
signal, at frequency f,, to the system outiput
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terminal 14 and to one input port of a mixer circuit
16. As is indicated in Figure 1, a signal having-a
frequency f, is coupled to the second input port of
the mixer 16. In the preferred arrangements of the
systems disclosed in the patent application of
Erps et al., mixer 16 is a conventiona!l single
sideband mixer that is arranged to provide either
an upper sideband signal {at a frequency of f,+f;)
or a lower sideband signal (at a frequency f,—f}
that cause the depicted phase-locked loop to
supply an output frequency that differs from that
of a conventiona! programmable divide-by-N
phase-locked loop. In particular, when a lower
sideband mixer is employed as mixer 16, a signal
having a frequency equal to f,—f, is coupled to a
programmable divider 18, which supplies a signal
having an average frequency of (f,—f,}/N to one
input port of a conventional phase detector circuit
22, As shall be described hereinafter, the depicted
circuit stage 20, which couples the signal from
mixer 16 to programmable divider 18 is a phase-
locked loop arranged to substantially attenuate
spurious signals generated within mixer 16.

Regardless of the arrangement of circuit stage
20, phase detector 22 effectively compares the
phase of the signal supplied by the pro-
grammable divider 18 with the phase of a
reference signal f, (applied to the second input
terminal of the phase detector 22), and supplies
an error signal having a magnitude proportional
to the phase difference between the reference
signal and the signa! supplied by programmable
divider 18.

The error signal supplied by phase detector 22
is coupled to a frequency control terminal 26 of
VCO 12 by a filter unit 24. As is indicated in Figure
1, filter unit 24 is of the type conventionally
empioyed in phase-locked loop systems. In this
regard, the first circuit stage of filter unit 24 is
commonly identified as the loop filter and
includes an operational amplifier 28 having its
inverting input terminal connected for receiving
the signal supplied by phase detector 22 and for
receiving a modulation component that is
supplied via a modulation path that is described
hereinafter. A resistor 30 and a capacitor 32 are
serially connected between the inverting input
and output terminals of operational amplifier 28
to form a feedback path and a resistor 34 couples
the signal supplied by the depicted loop filter to a
low-pass filter stage 36. Low-pass filter stage is a
conventionally-arranged passive or active
network which is generally configured to
eliminate signal components at the reference
frequency f, and supplies the system error signal
to frequency control terminal 26 of VCO 12 via a
resistor 38. As is shown in Figure 1, resistor 38 is
one element of a conventional lead-lag network
that also includes resistor 40 and capacitor 42,
which are connected in series between circuit
common potential and the electrode of resistor 38
that is connected to VCO 12.

In view of the above-discussed arrangement it
can be recognized that, in the absence of the
hereinafter-discussed modulation signal, VCO 12
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will be locked to a frequency f,=Nf +f,, which
exhibits improved resolution over a conventional
programmable divide-by-N phase-locked loop
system that supplies an output signal at a
frequency Nf.. In this regard, the phase-locked
loop systems disclosed in the previously-
mentioned patent application of Floyd D. Erps et
al, are augmented with additional circuit arrange-
ments which cause the system VCO to lock at a
frequency equal to Nf.xf.xf, where f; is the
frequency of a control signal that is applied to an
additional circuit stage that interconnects the
single-sideband mixer 16 and the programmable
frequency divider 18. Since, the structure of such
pulse incrementor circuits and the associated
operational aspects of the overall arrangement
disclosed in the Erps et al. patent application are
not essential to the operation of this invention, a
more detailed discussion of such a system is not
presented herein, but is incorporated by
reference.

Turning now to modulation of the above-
discussed phase-locked ioop, the embodiment of
Figure 1 includes two modulation paths so as to
permit modulation at rates both inside and
outside the bandwidth of the phase-locked loop
and is arranged for either frequency or phase
modulation. In the arrangement of Figure 1, the
modulation signal V,, is applied to a terminal 43
and commonly coupled to the input ports.of a
compensator unit 44 and an amplifier/
differentiator unit 46 via a multiplying-type
digital-to-analog converter (DAC) 48. As shall be
recognized upon fully understanding the manner
in which the invention operates to provide precise
frequency compensation, DAC 48 is effectively a
variable attenuator that is controlled by a parallel
format digitally-encoded signal (denoted by the
double arrow in Figure 1) so as to equalize the
system for frequency-related variations in the
gain factor, K,, of VCO 12.

To form one of the modulation paths, the
amplifier/differentiator 46 couples the signal
supplied by DAC 48 to a second frequency control
terminal 50 of VCO 12. In this regard, those skilled
in the art will recognize that various conventional
VCO’'s are available which, in effect, include
circuitry for summing two frequency control
signals. For example, various VCO's of the type
indicated in Figure 1 are available wherein
individual frequency control signals can be
coupled to the two electrodes of a varactor diode
52 which controls the VCO output frequency.
Moreaover, it can be recognized that equivalent
operation can be attained by utilizing a conven-
tional signal summing unit in conjunction with a
VCO having a single frequency control terminal.
Regardless of the type of VCO employed,
amplifier/differentiator 46 is selectively operable
for either amplifying or differentiating the
modulation signal supplied to VCO 12 when the
system is being utilized for frequency modulation
(FM) or phase modulation (PM), respectively. In
particular, amplifier/differentiator 46 includes an
operational amplifier 54 having its output
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terminal coupled to terminal 50 of VCO 12 via a
signal inverter 55 and a voltage divider formed by
resistors 51 and 53. A feedback resistor 56 is
connected between the output termina! and the
inverting input terminal of operational ampilifier
54, The inverting input terminal of amplifier 54 is
coupled to a first contact of a switch 58 via a
capacitor 60 and is coupled to a second contact of
the switch 58 via a resistor 62. Switch 58, which is
symbolized in Figure 1 as a single-pole double-
throw switch having the wiper contact thereof
connected for receiving the signal supplied by
DAC 48, is generally realized by one or more
semiconductor circuits, such as those utilizing
field-effect transistors. Regardless of the structure
utilized, when switch 58 is in the depicted FM
position, amplifier/differentiator 46 forms a
conventional inverting operational amplifier con-
figuration having a gain equal to —Rse¢/Re.. On the
other hand, when switch 58 is activated to the PM
state, amplifier/differentiator 46 forms an
operational amplifier differentiator circuit, which
effects phase modulation of VCO 12 for
modulation rates exceeding the phase-locked
loop bandwidth.

To form the second modulation path, an
integrator/amplifier 64 couples the -signal
supplied by compensator 44 to the inverting input
terminal of operational amplifier 28, which forms
the loop filter of filter unit 24. As shall be
described hereinafter, compensator unit 44
inciudes a network that counteracts the audio
frequency-related variations in modulation that
would otherwise be induced by the circuit stage
or network 20 which is located in the phase-lock
loop feedback path. Integrator/amplifier 64
includes an operational amplifier 68 having its
inverting input terminal connected to the wiper
contact of a switch 70 and connected for receiving
the signal supplied by compensator 44 via an
input resistor 72. The output terminal of
operational amplifier 68 is coupled to the
inverting input terminal of operational amplifier
28 via a resistor 74 and is connected to the FM and
PM contacts of switch 70 via a capacitor 76 and a
resistor 78, respectively.

Those skilled in the art will recognize that
integrator/amplifier 64 forms a conventional
operational amplifier integrator circuit when
switch 70 is activated to the FM state. On the other
hand, when switch 70 is activated to the PM state,
integrator/amplifier 64  functions as a
conventional inverting operational amplifier
stage having a gain substantiaily equal to —R,g/
R72-

With regard to the use of inverting and non-
inverting circuit stages in the first and second
modulation paths it should be noted that both
paths should exhibit the same input signal to
output signal phase relationship. That is, if one
modulation path is arranged so that an audio
modulation signal applied to terminal 43 causes a
decrease (increase) in signal phase or frequency,
the other modulation path must be arranged to
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exhibit a like-type of change in signal phase or
frequency.

Reference will now be made to Figure 2, which
depicts a phase-locked loop of the type
embedded in the feedback path of the phase-
locked loop frequency synthesizer disclosed in
the previously-mentioned patent application of
Floyd D. Erps et al. and hence corresponds to
network 20 of the embodiment of the invention
depicted in Figure 1. In this arrangement, a
frequency divider 80 receives the signal supplied
by single sideband mixer 16 (Figure 1) at the
frequency f,~—f;, where, as previously described,
f, is the frequency of the VCO 12 and f, is the
frequency of the signal supplied to the second
input port of the single sideband mixer 16. The
signal supplied by frequency divider 80 is coupled
to the first input port of a conventional phase
detector 82 having the second input port thereof
connected for receiving the signal supplied by a
VCO 84 via a frequency divider 86. As is the case
with the main loop of the frequency synthesizer
arrangement, the signal supplied by the phase
detector 82 is coupled to the frequency control
terminal of the VCO 84 via a cascaded loap filter,
low-pass filter, and lead-lag network. In this
regard, the loop filter includes an operational
amplifier 88 having a resistor 90 and capacitor 92
serially connected to form a feedback path with a
resistor 94 being connected to couple the signal
supplied by operational amplifier 88 to the input
of the low-pass filter stage 98. Like the low-pass
filter 36 utilized in the main phase-locked loop,
low-pass filter 98 is a conventional active or
passive filter network. Similarly, the lead-lag
network employed in the phase-iock loop of
Figure 2 is structurally equivalent to that of the
main loop, being formed by two resistors 100 and
102 and a capacitor 104 that are connected as a
voltage divider between the output terminal of
the low-pass filter 98 and circuit common, with
the junction between the resistors being con-
nected to the frequency control terminal of VCO
84,

As previously mentioned, the phase-locked
loop arrangement of Figure 2 is embedded in the
feedback path of the frequency synthesizer loop
(Figure 1) and serves as a tracking filter that
substantially reduces spurious signal
components introduced by non-linear operation
of mixer 16. In this arrangement, the frequency
divider 80 is utilized to prescale the frequency
f,—T, of the signal supplied by the single sideband
mixer 16 of Figure 1 and thereby supply a
reference frequency of (f,—f.)/N, to the phase
detector 82, where N, is the frequency division
ratio of frequency divider 80. Such prescaling is
advantageous in that it reduces the frequency of
operation of phase detector 82 and improves
circuit operation when a modulating signal is
applied. Since the frequency divider 86 aiso
exhibits a division ratio of N,, the signal supplied
by VCO 84 exhibits the original frequency, f,—f..

The manner in which the invention com-
pensates for frequency-related variations in the
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feedback signal of the main phase-lock loop that
are induced by the additiona! phase-lock loop of
Figure 2 (or by other structure) and further
compensates for other frequency-related
variations that affect modulation flatness can best
be described in terms of the modulation transfer
function of the arrangement depicted in Figure 1.
In this regard it can be shown that the modulation
characteristic when the system is being frequency
modulated is:

A Al S)E(SILS)+AA,
— =Ky (1)
V' K K F(s)C(s)/(Ns)+1

where, Af is the frequency deviation resulting
from a signal V,,,’ that is supplied at the output
terminal of DAC 48; K, denotes the gain factor of
VCO 12; K, indicates the gain factor of phase
detector 22;

Ki==1/R72Cy)

denotes the gain factor of integrator/amplifier 64,
during operation in the integration mode; S
denotes the Laplacian operator; F(s) denotes the
transfer function of the entire filter unit 24; L(s)
denotes the transfer function of compensator 44;
C{s) denotes the transfer function of the network
20 that is embedded in the feedback path of the
main phase-iock loop, i.e., the additional phase-
lock loop of Figure 2;

A;=Rse/Rez

is the gain of amplifier/differentiator 46, when
operating in the amplifier mode;

A,=R53/(Rg1+Rs3)

is the voltage transfer ratio of the attenuator
{voltage divider) defined by resistors 51 and 53;

As=—R3y/R74

represents the gain of the loop filter (operational
amplifier 28) at frequencies at which the
impedance of capacitor 32 is substantially less
than the resistance value of Rs; and N indicates
the division ratio of frequency divider 18.

From Equation 1 it can be shown that the
system of Figure 1 will exhibit a constant
modulation transfer function:

Af
_—=A1A2Kv
Vi
if:
KiA; K.Kp
(a) = ; and
AA; N

{b) L{s)=Cls)
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When switches 58 and 70 are activated to place
the arrangement of Figure 1 in the PM mode, it
can be shown that the phase modulation transfer
characteristic is:

A (AzA4F(s)L{s)Vs+K A,
=K, 2)
V., KK F(s)C(s)/(Ns)+1
where
Kd= RssCeo,

the gain factor of amplifier/differentiator 46 when
operating in the PM mode and
A,=Re/R;; is the gain of integrator/amplifier 64 in
the PM mode.

Thus, the system will exhibit a constant {flat)
phase modulation transfer function:

Ad
—_—= KdAgKv
V'
if:
AA, KKp
(a) = ; and
AKy N

(b} L{s)=C(s)

Accordingly, to provide flat modulation charac-
teristics in both the frequency modulation (FM)
and. phase modulation (PM) modes, the embodi-
ment of Figure 1 is configured so that the transfer
function of the compensator 44 (L(s)) is identically
equal to, or at least approximates, the transfer
function of the frequency-sensitive network 20
embedded in the feedback path of the main loop
(C(s)) (i.e., tracking phase-locked loop 20 of
Figures 1 and 2) over the entire range of carrier
frequencies. In addition, from the above set forth
equations,.it can be seen that the system should
be arranged with:

KiAs KKp  AgAy
= = (3)
AA, N AK,

which requires that
Kin=A1A4.

The above set forth relationships between the
various circuit parameters do not impose strict
design constraints, but, in fact, are rather easily
satisfied. [n this regard, operation of the system of
Figure 1 is determined by a greater number of
circuit parameters than is the operation of prior
art arrangements such as that disclosed in the
previously-mentioned patent to Enderby et al.
This permits greater design freedom and
provides a greater opportunity to optimize system
performance.
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To compensate for the changes in VCO gain
factor (K,) that occur with respect to a relatively
wide range of carrier frequencies, the
embodiment of Figure 1 includes DAC 48, which
adjusts the level of the applied modulation signal
{V.,') by an amount necessary to offset a change
in K,. In particular, the digitally-encoded signal
supplied to DAC 48 is selected so as to multiply
the modulation signal applied to terminal 43 by a
factor that is proportional to 1/K,. For example, in
one embodiment of the invention, the frequency
range of the main loop is subdivided into a
plurality of contiguous subbands, each spanning
an equal frequency interval. In this arrangement,
the subband associated with each particular
system frequency can be identified by the integer
portion of the ratio

B=({f,—f)/Af,

where B denotes the subband number, f, denotes
the frequency of interest, f, indicates the lowest
system frequency and Af indicates the frequency
interval defined by each subband. Using this
method of identification, digitally-encoded
signals that provide the proper compensation for
each subband are stored in a programmable
read-only memory {PROM) of the embodiment
being discussed. As each particular frequency is
selected, a microprocessor unit determines the
associated subband through. use of the above-
mentioned relationship; accesses the appropriate
stored value and supplies the digitally-encoded
signal to DAC 48.

The embodiment of Figure 1 also includes an
additional digital-to-analog converter (DAC) 110
which controls the gain factor K, of phase
detector 22 so as to maintain a constant loop
bandwidth at all selected frequencies, i.e., vary K,
in proportion to N/K, for all possible carrier
frequencies (Nf,—f,, for the embodiment of Figure
1). Various methods can be empioyed for supply-
ing the necessary digitally-encoded signal to DAC
110 and for suitably adjusting the gain factor of
phase detector 22. For example, in the above-
mentioned embodiment of the invention which
utilizes a microprocessor and a programmable
read-only memory, digitally-encoded values
appropriate to each of the above-mentioned sub-
bands can be stored in the PROM and supplied to
DAC 110 as each frequency is selected. Regard-
less of the technique employed, phase detector 22
can be, for example, a conventionally-arranged
frequency/phase detector wherein a current
supplied to the phase detector establishes the
value of the gain coefficient K.

Turning now to describing suitable structure of
a compensator 44 for use with the embodiment of
Figure 1, it can be shown that the ratio of output
phase fo input phase, ®../d;., for the tracking
phase-lock loop that is embedded in the feedback
path of the main loop and depicted in Figure 2 is:
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w,{s+z{s+2z,)F,(s)

q>oc SZ(s+p1 )
Cis)= = (4)
Die W,(s+2z:)(s+2z,)F,(s)
1+
s{s+p,)

where:
w, is the bandwidth of the phase-lock loop
depicted in Figure 2, i.e.,

0, =KpaKvaAa/Na;
2;=1/(RgoCo2):
2,=1/R102C104);
pi= 1/(R94+ R100+R102)C1o047
A,=R;02/(Rg4+Rygo+Ri02); and

N.. K., and K, respectively indicate the fre-
quency division ratio of frequency divider 86,
and the gain factors of VCO 84 and phase
detector 82 and F,(s) is the transfer charac-
teristic of low-pass filter 98.

As is indicated in Figure 2, if desired or necessary,
a multiplying-type digital-to-analog converter
(DAC) 114 can be included in an embodiment of
the invention to maintain the bandwidth of the
phase-locked loop depicted in Figure 2 substan-
tially constant. In this regard, in the arrangement
of Figure 2, an analog signal (DC signal) is applied
to the analog input of DAC 114 via a terminal 116.
Digitally-encoded  information  which  will
maintain the loop bandwidth substantially
constant is applied to DAC 114, for example, by
utilizing the above-mentioned arrangement of a
microprocessor which accesses data stored in a
PROM on the basis of the selected system
frequency.

Regardiess of whether or not DAC 114 is
employed, the above-stated transfer function of
the tracking phase-locked loop of Figure 2
{Equation 4) can be satisfactorily simulated by the
active network depicted in Figure 3 so that the
system frequency and phase modulation charac-
teristic can be made independent of modulating
frequency by arranging the embodiment of Figure
1 in accordance with the constraints set forth in
Equation 3. Referring to Figure 3, the depicted
active network includes three operational
amplifiers 120, 122 and 124 wherein the inverting
input terminal of operational amplifier 120 is
connected for receiving the modulation signal
supplied by DAC 48 via a resistor 126. The
inverting input terminals of operational amplifiers
122 and 124 are respectively connected to the
output terminals of operational amplifiers 120
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and 122 via resistors 128 and 130 and a resistor
132 supplies multistage feedback from the output
terminal of operational amplifier 124 to the
inverting input terminal of operational amplifier
120. In addition, each operational amplifier
includes a local feedback network such as the
capacitor 134 that is connected between the
output terminal and inverting input terminal of
operational amplifier 124. With respect to
operational amplifier 122, the local feedback
network consists of a resistor 136 and capacitor
138 that are connected in series with one another
and in parallel with both a capacitor 140 and
resistor 142. As is further illustrated in Figure 3,
the local feedback network for operational
amplifier 120 includes a serially-connected
resistor 144 and capacitor 146 that are connected
in parallel with a capacitor 148.

Basically, the portion of the circuit of Figure 3
that includes operational amplifier 120, resistor
126 and the feedback network consisting of
resistor 144 and capacitor 146 simulates the
phase detector 82 and the loop filter of the
phase-lock loop depicted in Figure 2, whereas all
circuit components associated with operational
amplifier 122, except feedback capacitor 140,
simulate the lead-lag network of Figure 2
(resistors 94, 100, 102 and capacitor 104) and the
circuit stage including operational amplifier 124
simulates the VCO 84 of Figure 2. In the arrange-
ment of Figure 3, the low-pass filter of Figure 2 is
simulated by two-real circuit poles introduced by
the feedback capacitors 140 and 148. More
specifically, it can be shown that the transfer
function of the active network depicted in Figure 3

W, R132P3Ps (s+2Z)(s+2Z,)
s? Ri26 (s+P,}{s+Py)(s+P,)
L(s)=
W, PsP4 (s+Zy}s+2Z,)
1+ i
s Riaz (S+P2)(5+P3)(S+Pﬁ)
(5)
where:

e =R144R136/(R132R128R120C134);
Z:=1/{Ry44C146);
Z,=1/(R136C13q);
P>=1/(R142C133);
Ps=1/(R136C140);
P4=1/{R144C14s)-

If all resistors except R4, exhibit a common value,
R, Equation 3 can be expressed as:—
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W.P3P, (s+Z{s+Z,)

s? {s+Py){s+P;)(s+Py)
Lis}=
wcP3P4 (S+Z1 )(S+Z4)
1+
s? (s+Po}s+P,){s+P,)
(6)
with

(Dc=1/(RC1 34)

Comparing the transfer function for the
compensator 44 depicted in Figure 3 {(Equation 6)
with the transfer function, which is set forth in
Equation 4, for the tracking phase-locked loop of
Figure 2 that is used to augment the main
phase-locked loop of Figure 1, it can be seen that
the transfer functions would be of identical form if

Fa(s)=P3P4/l{s+P3){s+P,)l.

In this regard, and as previously mentioned, it has
been determined that the circuit poles P; and P,
that are established in the transfer characteristic
of the active network of Figure 3 by capacitors 140
and 148, respectively, provide a satisfactory
simulation of the low-pass filter utilized in the
phase-locked loop of Figure 2. More specifically,
although a filter arrangement identical to that
utilized as the low-pass filter in the arrangement
of Figure 2 could be connected in cascade with
the amplifier stages of the simulated network that
is depicted in Figure 4 to provide a more accurate
simulation of the phase-locked loop of Figure 2,
the improved accuracy attained does not justify
the additional circuit complexity and cost. If
necessary or desired, computer-aided design
techniques can be employed to optimize the
location of circuit poles P, and P,, i.e., determine
optimum values of capacitors 140 and 148.

With continued reference to the transfer
function for the phase-locked loop of Figure 2
(Equation 4) and the simulated representation of
the phase-locked loop that is illustrated in Figure
3 (Equation 5), it can be seen that establishing the
respective circuit zeroes equal to one another
requires that

Rg0Ce2=R144C146
and that

R1 ozC1 04= R, 3sC1 3s:
Further, it can be seen that setting the pole at p, of
Equation 4 equal to the pole at P, in Equation 6
requires that

(Rgg+R100+R102)C102=R142C136.

As previously stated, it is also necessary to set the
bandwidth of the compensator network 44
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substantially equal to the bandwidth of the phase-
locked loop depicted in Figure 2. The bandwidth
w, of the compensation network is equal to

(R144R1 36)/(R1 32R128R1 3OC1 3,4)1

which reduces to 1/(RCys4) under the assumption
that all resistors in the arrangement of Figure 3
(except resistor 142) exhibit a resistance value of
R. Thus, establishing the bandwidth of the two
networks equal to one another requires that

1/(RC1 34)= KpaKvaAa/N ar

where the parameters are identical to those
previously defined for Figure 2.

It should be recognized that embodiments of
the invention will often utilize conventional

integrator and differentiator arrangements that -

are more complex than those disclosed herein. In
such embodiments of the invention or under
other circumstances in which the transfer
characteristic of one of the modulation paths is
changed or altered, compensatory alterations
should be included in the other modulation path.
Thus, for example, when a differentiator utilizing
a resistor in series with capacitor 60 is utilized the
circuit pole introduced in the transfer function of
the differentiator should be offset by introducing
a corresponding pole into the transfer function of
the amplifier network utilized in integrator/
amplifier 64. For example, a small capacitor may
be connected in parallel with resistor 78.
Those-skilled in the art wiil also recognize that
the embodiment of the invention disclosed herein
is exemplary in nature and that many variations
and modifications can be made without
exceeding the scope and the spirit of the
invention. For example, although the invention is
disclosed in terms of a high resolution phase-lock
loop of the type described in the previously-
mentioned patent application of Floyd D. Erps et
al., the mathematical relationships set forth
herein demonstrate that the invention can be
practiced in any situation wherein frequency-
sensitive networks or components are embedded
in any presently-known type of phase-lock loop.
For example, the invention has been satisfactorily
embodied with a low noise phase-lock loop
arrangement of the type disclosed in the
copending U.S. Patent Applications Serial Nos.
168,065 and 168,524 of Donald L. Meyer and
Kingsley W. Craft, respectively entitled “Con-
trolled Frequency Signal Source Apparatus
Including A Feedback Path For The Reduction of
Phase Noise” and “Frequency Modulated Phase-
Locked Signal Source”, each of which patent
applications was filed on 14th July 1980 and
respectively corresponding to our EPC Patent
Applications Nos. 81302905.5 and 81302907.1
filed on the same day as this application. Further,
the invention can be practiced in the previously
mentioned type of prior art phase-locked loop
system wherein the modulation signal that is
coupled to the phase detector modulates a
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reference oscillator which supplies the reference
signals to the phase detector input port. In such a
system, a compensator that is configured in the
manner described herein is instalied in the signal
path that couples the modulating signal to the
frequency control port of the reference oscillator.

Claims

1. A modulated phase-iocked loop system
including phase detector means (22) having first
and second input ports and an output port,
controlled oscillator means (12) for supplying an
output signal at a frequency (f,) determined by a
frequency control signal applied to a control
terminal (26) of said controlled oscillator means
(12), said controlled oscillator output signal and a
reference signal (from 23) being respectively
coupled to said first and second input ports of
said phase detector means (22), and coupling
means (24) responsive to a signal at said output
port of said phase detector means (22) to provide
said frequency control signal to said controlled
oscillator control terminal (26), said modulated
phase-locked loop including first and second
modulation paths with said first modulation path
supplying a modulation signal {V,,’} to said con-
trolled oscillator control terminal (26) and said
second modulation path supplying said
modulation signal (V,,’) to an input port of said
coupling means (24); characterised in that the
signal path coupling said output signal of said
controlled oscillator means (12} to said first input
port of said phase detector means (22) includes a
frequency sensitive circuit stage (20) having a
transfer characteristic that varies as a function of
the frequency (f,) of the output signal produced
by said controlled oscillator means {12); and
compensator means {44) are connected in said
second modulation path for substantially
eliminating differences in system modulation
characteristic caused by said circuit stage (20) as a
function of .the carrier frequency of said
modulated phase-locked loop system, said com-
pensator means (44} being configured and
arranged to exhibit a transfer characteristic that
substantially equals said transfer characteristic of
said circuit stage {20) in said signal path coupling
said output signal of said controlled oscilfator
means {12) to said first input port of said phase
detector means (22).

2. A modulated phase-locked loop system
according to Claim 1, including signal integration
means (64) connected in said second modulation
path for receiving said modulation signal (V.’,
said signal integration means (64) having an
output port coupled to said input port of said
coupling means (24).

3. A modulated phase-locked loop system
according to Claim 2, including frequency divider
means {18) having an input terminal, an output
terminal and at least one control terminal for
application of a frequency programming signal,
said input terminal of said frequency divider
means (18) being connected for receiving said
signal supplied by said controlled oscillator
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means (12), said output terminal of said
frequency divider means (18) being connected for
coupling said controlled oscillator output signal
to said first input port of said phase detector
means (22), said frequency divider means (18)
including means for dividing the signal coupled
thereto by a factor N that is determined by said
programming signal applied to said frequency
divider control terminal.

4. A modulated phase-locked loop system
according to Claim 3, wherein said signal
integration means (64) is configured and
arranged to exhibit a transfer characteristic
having a gain factor of K;, said first modulation
path includes gain means (46) and said first and
second modulation paths are further configured
and arranged to comply with the constraint

KA A =KK /N,

where A, represents the signal gain of all com-
ponents other than said compensator means (44)
and said signal integrating means (64) that is
included in said second modulation path, A,
represents the signal gain within said second
signal path, K, represents the gain factor of said
controlled osciilator means {12) and K, represents
the gain factor of sid phase detector means (22).

5. A modulated phase-locked loop system
according to Claim 1, including signal
differentiation means (46) connected in said first
modulation path for coupling said modulating
signal {V,,’} to said frequency control terminal of
said controlled oscillator means (12}, said signal
differentiation means (46) exhibiting a transfer
function having a gain constant of K.

6. A modulated phase-locked loop system
according to Claim 5, inciuding frequency divider
means (18), having an input terminal, an output
terminal and at least one control terminal for
application of a programming signal, said output
signal supplied by said controlled oscillator
means (12} being coupled to said input terminal
of said frequency divider means (18) said output
terminal of said frequency divider means (18)
being coupled to said first input port of said phase
detector means (22), said frequency divider
means (18) including means for dividing the
frequency of an applied signal by a factor of N,
where N is determined by said programming
signal; and wherein said first and second
modulation paths are further configured and
arranged to substantially satisfy the constraint

A3A4/Kd= Kva/N

where A; represents the total signal gain of said
second modulation path excluding said com-
pensator means (44) and A, represents the signal
gain of another portion of said first modulation
path that excludes said signal differentiation
means (46).

7. A modulated phase-locked loop system
according to Claim 1, wherein said second
modulation path includes second circuit means
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(64) selectively operable for signal integration and
signal amplification and wherein said first
modulation path includes first circuit means {46}
selectively operable for signal amplification and
signal differentiation; said modulated phase-
locked loop system further comprising switching
means (70 and 58) for selectively activating said
signal integration means of said second circuit
means {64} in conjunction with said amplification
means of said first circuit means (46) to frequency
modulate said phase-locked system, said
switching means (70 and 58) further including
means for selectively activating said signal
amplification means of said second circuit means
(64) in conjunction with said signal differentiation
means of said first circuit means (46) to phase
modulate said phase-locked loop system,

8. A modulated phase-locked loop system
according to any one of Claims 1 to 7, comprising
means (48) for controlling the level of the signal
{V,,)) coupled to both said first and second
modulation paths as an inverse function of said
gain factor of said phase-iocked loop controiled
oscillator means, K,.

9. A phase-locked loop system according to any
one of Claims 4, 5 and 6, comprising circuit means
(110) for controlling the value of said gain factor
K, of said phase detector means (22) in direct
proportion to N and in inverse proportion to K,.

10. A phase-locked loop system according to
Claim 9, wherein said circuit means (20) having a
transfer characteristic that varies as a function of
the frequency of controlled oscillator means
output signal comprises a second phase-locked
loop system and said compensator means (44) is
an active network for simulating said second
phase-locked loop system.

11. Signal generating apparatus for selectively
supplying a frequency-modulated or phase-
modulated signal to a system output terminal
(14), said signal generating apparatus
comprising:

a voltage-controlled oscillator (12} responsive
to an applied control signal for supplying a signal
at a frequency (f,) determined by said applied
control signal, said voltage-controlled oscillator
(12) having an output terminal connected to said
system output terminal (14)

frequency divider means (18) having an input
terminal and an output terminal with said input
terminal being coupled to receive said signal
supplied by said voltage-controlled oscillator
(12);

signal mixing means (16) having first and
second input ports and an output port, said first
input port of said signal mixing means (16) being
connected for receiving said signal supplied by
said voltage-controlled oscillator (12), said
second input port of said signal mixing means
(16) being connected for receiving an. applied
periodic signal;

phase detector means (22) having first and
second input ports and an output port, said first
input port of said phase detector means (22)
being connected to said output terminal of said
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frequency divider means (18}, said second input
port of said phase detector means (22) being
connected for receiving a reference signal (from
23) at a predetermined frequency (f.);

filter means (24) having an input terminal and
an output terminal, said input terminal of said
filter means (24) being connected to said output
port of said phase detector means (22), said
output terminal of said filter means (24) being
connected for supplying a portion of said contro!
signal to said voltage-controlled oscillator means
(12); and

integrator/amplifier means (64) having an input
terminal and an output terminal, said input
terminal of said integrator/amplifier means (64)
being connected for receiving a modulation
signal (V,’), said output terminal of said
integrator/famplifier means (64) being connected
to said input terminal of said filter means (24),

characterised by:

tracking phase-locked loop means (20} having a
predetermined signal transfer characteristic and
having an input port and an output port, said
input port of said tracking phase-locked loop
means (20) being connected to said output port of
said signal mixing means {16);

said frequency divider means (18) being
programmable, responsive to an applied
frequency programming signal, and having its
input terminal connected to said output terminal
of said tracking phase-locked loop means (20);

modulation compensation means (44) having
an input terminal and an output terminal, said
input terminal of said modulation compensation
means (44) being connected for receiving a
modulation signal (V,,’), said moduiation com-
pensation means (44} including circuit means
having a signal transfer characteristic that is
substantially equal to the signal transfer charac-
teristic of said tracking phase-locked loop means
(20);

the input terminal of said integrator/amplifier
means (64) being connected to said output
terminal of said modulation compensation means
(44), said integrator/amplifier means (64)
including circuit means (76 and 78) for selectively
amplifying a signa! supplied to said input terminal
of said integrator/amplifier means (64) or
integrating a signal applied to said input terminal
of said integrator/amplifier means (64), said
integrator/amplifier means (64) further including
switch means (70) for selectively operating said
circuit means (76 and 78) for integrating or
amplifying; and

amplifier/differentiator means (46) having an
input terminal and an output terminal, said output
terminal of said amplifier/differentiator means
{46) being connected to supply a second portion
of said control signal of said voltage-controlled
oscillator means {12), said input terminal of said
amplifier/differentiator means (46) being con-
nected for receiving said modulation signal (V,,’),
said amplifier/differentiator means (46) inciuding
circuit means (60 and 62) for selectively
amplifying a signal (V,,') applied to said input
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terminal of said amplifier/differentiator means
{46) or for differentiating a signal (V,,') applied to
said input terminal of said amplifier/differentiator
means (46), said amplifier/differentiator means
(46) further including switch means (58} for
selectively operating said circuit means (60 and
62) for amplifying or differentiating.

Revendications

1. Dispositif modulé a verrouillage de phase
comprenant des moyens détecteurs de phase (22)
qui ont une premiére et une seconde entrée et
une sortie, un oscillateur commandé (12) pour
délivrer un signal de sortie de fréquence (f,}
déterminée par un signal de commande de
frégquence appliqué a une borne de commande
{(26) de cet oscillateur commandé, le signal de
sortie de I'oscillateur commandé et un signal de
référence (provenant de la borne 23} étant
couplés respectivement a la premiére et a la
seconde entrée des moyens détecteurs de phase
(22), le dispositif comprenant aussi des moyens
de couplage (24) sensibles a un signal présent ala
sortie des moyens détecteurs de phase (22) pour
fournir le signal de commande de fréquence 3 la
borne de commande (26) de [I'oscillateur

A

commandé, la boucle & verrouillage de phase

. modulée comprenant une premiére et une

seconde chaine de modulation dont la premiére
délivre un signal de modulation (V,,’) a la borne
de commande (26) de l'oscillateur commandé
tandis que la seconde chaine de modulation
délivre ce signal de modulation (V.,,'} 4 une entrée
des moyens de couplage (24), caractérisé en ce
que la chaine de modulation qui couple le signal
de sortie de l'oscillateur commandé (12) a la
premiére entrée des moyens détecteurs de phase
(22) comprend un étage de circuit (20) sensible &
la fréquence dont la caractérisque de transfert
varie en fonction de la fréquence (f,) du signa! de
sortie produit par I'oscillateur commandé {12), et
en ce que des moyens compensateurs (44) sont
connectés dans la seconde chaine de oscillateur
pour supprimer pratiquement les différences de
la caractéristique de modulation du dispositif
provoquées par |'étage de circuit (20) précité en
fonction de la fréquence porteuse du dispositif
modulé & verrouillage de phase, ces moyens
compensateurs (44) étant constitués et agencés
de maniére a présenter une caractéristique de
transfert sensiblement égale a la caractéristique
de transfert de I'étage de circuit (20) situé dans la
chafne de signal qui couple le signal de sortie des
moyens d’oscillateur commandé (12) a la
premiére entrée des moyens détecteurs de phase
(22).

2. Dispositif modulé a verrouillage de phase
selon la revendication 1, comprenant des moyens
(64) d’intégration de signal connectés dans la
seconde chaine de modulation pour recevoir le
signal de modulation (V,'), ces moyens (64)
d'intégration de signal ayant une sortie coupiée a
I'entrée des moyens de couplage (24).

3. Dispositif modulé a verrouillage de phase
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selon [a revendication 2, comprenant des moyens
diviseurs de fréquence (18) qui ont une borne
d’entrée, une borne de sortie et au moins une
borne de commande pour ['application d'un
signal de programmation de fréquence, la borne
d’entrée des moyens diviseurs de fréquence (18)
étant connectée pour recevoir le signal délivré par
I'oscillateur commandé (12), tandis que la borne
de sortie des moyens diviseurs de fréquence (18)
est connectée pour coupler le signal de sortie de
l‘oscillateur commandé a la premiére entrée des
moyens détecteurs de phase {22), et ces moyens
diviseurs de fréquence (18) comprenant des
moyens pour diviser le signal qui leur est couplé
par un facteur N déterminé par le signal de
programmation appligué & la borne de
commande du diviseur de fréquence.

4. Dispositif modulé a verrouillage de phase
selon la revendication 3, dans lequel les moyens
(64) d'intégration de signal sont constitués et

agencés de fagon & présenter une caractéristique’

de transfert ayant un facteur de gain K, la
premiére chaine de modulation comprend des
moyens amplificateurs (46), et la premiére et la

seconde chaine de modulation sont constituées et

Y

agencées de fagon a satisfaire la condition
K[/A1A2=KVKD/N,

ol A, représente le gain en signal de tous les
composants autres que les moyens compensa-
teurs (44) et les moyens d'intégration de signal
(64) compris dans la seconde chaine de
moduiation, A, représente le gain en signal de la
seconde chaine de signal, K, représente le facteur
de gain de l'oscillateur commandé (12} et K,
représente le facteur de gain des moyens
détecteurs de phase (22).

5. Dispositif modulé & verrouillage de phase
selon la revendication 1, comportant des moyens

(46) de différentiation de signal connectés dans la’

premiére chaine de modulation pour coupler le
signal modulant {V,,') 3 la borne de commande de
fréquence de l‘oscillateur commandé (12), ces
moyens de différentiation de signal {46) présen-
tant une fonction de transfert qui a un gain
constant (Kg).

6. Dispositif modulé a verrouillage de phase
selon la revendication 5, comprenant des moyens
diviseurs de fréquence (18) qui ont une borne
d'entrée, une borne de sortie et au moins une
borne de commande pour l'application d'un
signal de programmation, le signal de sortie
délivré par l'oscillateur commandé (12) étant
couplé a la borne d’entrée des moyens diviseurs
de fréquence (18), tandis que la borne de sortie
des moyens diviseurs de fréquence (18} est
couplée a la premiére entrée des moyens détec-
teurs de phase (22), les moyens diviseurs de
fréquence (18) comprenant des moyens pour
diviser la fréquence d'un signal qui leur est
appligué par un facteur N, N étant déterminé par
le signal de programmation, et ol d'autre part la
premiére et la seconde chaine de modulation sont
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constituées et agencées de fagon & satisfaire
pratiquement la condition

A3A4/Kd = KVKPINI

ol A, représente le gain total en signal de la
seconde chaine de modulation a I’'exclusion des
moyens compensateurs (44} et ol A4 représente
le gain en signal d’une autre partie de la premiére
chaine de modulation, excluant les moyens de
différentiation de signal (46).

7. Dispositif modulé a verrouillage de phase
selon la revendication 1, dans lequel la seconde
chaine de modulation comprend un second
ensemble de circuits (64) qui peuvent fonctionner
au choix pour intégrer le signal ou pour amplifier
le signal, et dans lequel la premiére chaine de
modulation comprend un premier ensemble de
circuits (46) qui peuvent fonctionner au choix
pour amplifier le signal ou pour différencier le
signal, le dispositif modulé a verrouillage de
phase comprenant en outre des moyens de
commutation (70 et 58) pour activer sélective-
ment les moyens d’intégration de signal du
second ensemble de circuits {64) en liaison avec
les moyens d’amplification du premier ensemble
de circuits (46) pour moduler en fréquence le
dispositif a verrouillage de phase, ces moyens de
commutation (70 et 58) comprenant d’autre part
des moyens pour activer sélectivement les
moyens d’amplification de signal second
ensemble de circuits (64) en liaison avec les
moyens de différentiation du premier ensemble
de circuits (46) pour moduler en phase le dis-
positif a verrouillage de phase. .

8. Dispositif modulé a verrouillage de phase
selon I'une quelconque des revendications 1 a 7,
comprenant des moyens (48) pour commander le
niveau du signal (V') couplé a la premiére et a la
seconde chaine de modulation, en fonction
inverse du facteur de gain K, de loscillateur
commandé de la boucle a verrouillage de phase.

9. Dispositif a verrouillage de phase selon 'une
quelconque des revendications 4, 5 ou 6, com-
prenant un ensemble de circuits (110) pour com-
mander la valeur du facteur de gain (K,) des
moyens détecteurs de phase (22) en proportion
directe de N et en proportion inverse de K,.

10. Dispositif a verrouillage de phase selon la
revendication 9 dans lequel un ensemble de
circuits (20) dont [a caractéristique de transfert
varie en fonction de la fréquence du signal de
sortie de l'oscillateur commandé comprend in
deuxiéme dispositif a verrouillage de phase, et
dans lequel les moyens compensateurs (44) sont
un réseau actif destiné a simuler ce deuxieme
dispositif & verrouillage de phase.

11. Appareil générateur de signaux délivrant a
une borne de sortie {14) du dispositif un signal
modulé au choix en fréquence ou en phase, et
comprenant: .

un oscillateur commandé par le tension (12)
sensible a8 un signal de commande qui lui est
appliqué pour délivrer un signal dont la fréquence
(f,) est déterminée par ce signal de commande
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appliqué a l'oscillateur, cet oscillateur commandé
par la tension (12} ayant une borne de sortie
connectée a la borne de sortie (14) précitée du
dispositif;

des moyens diviseurs de fréquence (18) ayant
une borne d’'entrée et une borne de sortie, la
borne d’entrée étant couplée pour recevoir le
signal délivré par l'oscillateur commandé par la
tension (12);

des moyens de mélange de signaux (16) ayant
une premiére et une seconde entrée et une sortie,
la premiére entrée de ces moyens de mélange
(16) étant connectée pour recevoir le signal
délivré par 'oscillateur commandé par la tension
{12}, tandis que la seconde entrée de ces moyens
de mélange de signaux (16) est connectée pour
recevoir un signal périodique qu’on lui applique;

des moyens détecteurs de phase (22) ayant une
premiere et une second entrée et une sortie, la
premiere entrée de ces moyens détecteurs de
phase (22} étant connectée a la sortie des moyens
diviseurs de fréquence (18), et la seconde entrée
des moyens détecteurs de phase (22) étant
connectée pour recevoir un signal de référence
{provenant de la borne 23) de fréquence prédéter-
minée {(f.); '

des moyens de filtrage (24) ayant une entrée et
une sortie, I'entrée de ces moyens de filtrage (24)
étant connectée a la sortie des moyens détecteurs
de phase (22), et la sortie des moyens de filtrage
{14) étant connectée pour délivrer une partie du
signal de commande a |'oscillateur commandé
par la tension (12); et

des moyens d’intégration/ampilification (64)
ayant une entrée et une sortie, I'entrée de ces
moyens d'intégration/amplification (64) étant
connectée pour recevoir un signal de modulation
(Va'), et la sortie des moyens
d’intégration/amplification (64) étant connectée a
'entrée des moyens de filtrage (24) caractérisé
par

des moyens de poursuite a verrouillage de
phase (20) ayant une caractéristique de transfert
de signal prédéterminée et ayant une entrée et
une sortie, l'entrée de ces moyens de poursuite
de verrouitlage de phase (20) étant connectée a la
sortie des moyens de mélange de signaux (16);

le fait que les moyens diviseurs de fréquence
(18) sont programmables, sensibles 4 un signal
de programmation de fréquence qu’on leur
applique, et que leur entrée est connectée a la
sortie des moyens de poursuite a verrouillage de
phase (20}); 7

des moyens de compensation de modulation
{44) ayant une entrée et une sortie, I'entrée de ces
moyens de compensation de modulation (44)
étant connectée pour recevoir un signal de
modulation (V,.,'), ces moyens de compensation
de modulation (44} comprenant un ensemble de
circuits dont la caractéristique de transfert de
signal est sensiblement égale & la caractéristique

de transfert de signal des moyens de poursuite a

verrouillage de phase (20);
le fait que [I'entrée des moyens
d’intégration/amplification (64) est connectée 3 la
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sortie des moyens de compensation de modula-
tion (44), que ces moyens d'intégration/amplifica-
tion (64} comprennent un ensemble de circuits (76
et 78) pour, au choix, amplifier ou intégrer un
signal délivrié a [I'entrée des moyens
d’intégration/amplification (64), ces moyens
d’intégration/amplification (64) comprenant en
outre des moyens de commutation (70} pour faire
fonctionner I'ensemble de circuits (76 et 78} au

-choix pour I'intégration ou pour I'amplification;

des moyens d’amplification/différentiation (46)
ayant une entrée et une sortie, la sortie de ces
moyens d'amplification/différentiation (46) étant
connectée pour fournir une seconde partie du
signal de commande de I‘oscillateur commandé
par la tension (12), l'entrée de ces moyens
d’amplification/différentiation (46) étant connec-
tée pour recevoir le signal de modulation (V,,'), et
les moyens d’amplification/différentiation (46)
comprenant un ensemble de circuits (60 et 62)
pour, au choix, amplifier ou différencier un signal

(V')  appliqué & [I'entrée des moyens
d’amplification/différentiation  (46), lesquels
moyens  d’amplification/différentiation (46)

comprennent en outre des moyens de commuta-
tion (58) pour faire fonctionner I'ensemble de
circuits (60 et 62) au choix pour I'amplification ou

. la différentiation.

Patentanspriiche

1. Moduliertes, phasenverriegeltes Ring-
leitungssystem mit einem Phasendetektormittel
(22) mit einem ersten und zweiten Eingang und
einem Ausgang, mit einem gesteuerten
Oszillatormittel  (12) zur Lieferung eines
Ausgangssignales mit einer Frequenz (f), die
durch ein Frequenzsteuersignal bestimmt wird,
das einem Steuerterminal (26) des gesteuerten
Oszillatormittels zugefiihrt wird, wobei das
Oszillatorausgangssignal und ein Referenzsignal
{von 23) mit dem ersten bzw. zweiten Eingang des
Phasendetektormittels (22) verbunden ist und mit
einem Koppelmittel (24), das auf ein Signal am
Ausgang des Phasendetektormittels  (22)
anspricht, um das Frequenzsteuersignal dem
gesteuerten Oszillatorsteurterminal (26) zuzu-
flihren, wobei die modulierte, phasenverriegelte
Ringleitung einen ersten und einen zweiten
Modulationspfad einschlief3t, wovon der erste
Modulationspfad ein Modulationssignal (Vm’')
dem gesteuerten Oszillatorsteuerterminal (26)
zufihrt und der zweite Modulationspfad das
Modulationssignal Vm’) einem Eingang des
Koppelmittels (24) zufthrt, dadurch gekenn-
zeichnet, dal} der Signalpfad, der das Ausgangs-
signal des gesteuerten Oszillatormittels {12) dem
ersten Eingang des Phasendetektormittels (22)
zuftihrt, eine frequenzsensitive Schaltkreisstufe
(20) einschlieRt, deren Transfercharakteristik sich
als eine Funktion der Frequenz {f,} des Ausgangs-
signales verdndert, das vom gesteurten
Oszillatormittel (12) geliefert wird; dal
Kompensatormittel (44} in den zweiten
Modulationspfad eingeschlossen sind, um
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Abweichungen in der Systemmodulations-
charakteristik zu eliminieren, die durch die Schalt-
kreisstufe (20) als Funktion der Tragerfrequenz
des modulierten, phasenverriegelten
Ringleitungssystemes sich ergeben, wobei das
Kompensatormittel (44} ausgelegt und ange-
ordnet ist, um eine Transfercharakteristik zu
liefern, die im wesentlichen gleich ist der
Transfercharakteristik der Schaltkreisstufe {20) im
Signalpfad, der das Ausgangssignal des
gesteuerten Oszillatormittels (12} dem ersten
Eingang des Phasendetektormittels (22) zufiihrt.

2. Moduliertes, phasenverriegeltes Ring-
leitungssystem nach Anspruch 1, mit einem
Signalintegrationsmittel (64} im  zweiten
Modulationspfad zur Aufnhame des Modulations-
signales (Vm’), wobie der Augang des
Signalintegrationsmittels (64) mit dem Eingang
des Kopplungsmittels (24) verbunden ist.

3. Moduliertes, phasenverriegeites Ringleit-
ungssystem nach Anspruch 2 mit einem
Frequenzteilermittel (18) mit einem Eingangs-
terminal, einem  Ausgangsterminal und
zumindest einem Steuerterminal fir die
Aufnahme eines Frequenzprogrammiersignales,
wobei der Eingangsterminal des Frequenz-
teilermittels (18) fur die Aufnahme des von dem
gesteuerten Oszillatormittels (12) gelieferten
Signales geschaltet ist, der Ausgangsterminal des
Frequenzteilermittels (18) fiir die Zufiihrung des
gesteuerten  Oszillatorausgangssignales zum
ersten Eingang des Phasendetektormittels (22)
geschaltet ist und wobei das Frequenzteilermittel
(18) ein Mittel zur Teiling des ihm zugeflhrten
Signales durch den Faktor N einschliel3t, der von
dem Programmiersignal bestimmt ist, das dem
Frequenzteilersteuerterminal zugefiihrt wird.

4, Moduliertes, phasenverriegeltes
Ringleitungssystem nach Anspruch 3, bei dem
das Signalintegrationsmittel (64) so ausgebildet
und angeordnet ist, daR es eine Transfer-
charakteristik mit einem Verstarkungsfaktor K|
liefert, wobei der erste Modulationspfad ein
Verstéarkerungsmittel (46) einschlieBt und der
erste une zweite Modulationspfad weiterhin so
ausgestaltet und angeordnet sind, dal3 sie der
Bedingung

Ki/A1 A2= Kva/N

unterliegen, worin bedeuten: A,
verstarkung aller Komponenten aufler dem
Kompensatormittel (44) und dem
Signalintegrationsmittel (64), das in dem zweiten
Modulationspfad eingeschlossen ist; A, die
Signalverstarkung im zweiten Signalpfad; K, den
Verstarkungsfaktor des gesteuerten Oszillator-
mittels (12); und K, den Verstirkungsfaktor des
Phasendetektormittels (22).

5. Moduliertes, phasenverriegeltes
Ringleitungssystem nach Anspruch 1, das ein
Signaldifferenzierungsmittel (46) einschlieft, das
in den ersten Modulationspfad eingeschlossen
ist, um das Modulationssignal (Vm') dem
Frequenzsteuerterminal des gesteuerten

dis Signal-
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Ostzillatormittels (12) zuzufithren, wobei das
Signaldifferenzierungsmittel (46) eine Transfer-
funktion mit einem Verstarkungskonstanten K,
liefert.

6. Moduliertes, phasenverriegeltes
Ringleitungssystem nach Anspruch 5, das eine
Frequenzteilermittel (18), einer Eingangsterminal,
einen Ausgangsterminal und zumindest einen
Steurterminal zur Lieferung eines Progamm-
signales einschlieRt, wobei das Ausgangssignal
des gesteuerten Oszillatormittels (12} dem
Eingangsterminal des Frequenzteilermittels {18)
zugefihrt wird, der Ausgangsterminal des
Frequenzteilermittels (18) mit dem ersten Eingang
des Phasendetektormittels (22) verbunden ist, das
Frequenzteilermittel (18) ein Mittel zum Teilen der
Frequenz eines gelieferten Signales mit N aus-
schlieBt, worin N durch das Programmsignal
bestimmt ist und wobei der erste und zweite
Modulationspfad weiterhin so ausgelegt und
angeordnet sind, daf3 im wesentlichen die Bezieh-
ung

AzA/K=KK/N

erfillt ist, worin bedeuten A; die gesamte Signal-
verstérkung des zweiten Modulationspfades unter
AusschluB des Kompensatormittels (44) und A,
die Signalverstdrkung eines anderen Teiles des

ersten Modulationspfades, der das
Signaldifferenzierungsmittels {46) nicht
einschlif3t.

7. Moduliertes, phasenverriegeltes

Ringleitungssystem nach Anspruch 1, worin der
zweite Modulationspfad ein zweites Schalt-
kreismittel (64) einschlilt, das wahlweise zur
Signalintegration und Signalverstarkung zu beta-
tigsn ist uns worin der erste Modulationspfad ein
erstes Schaltkreismittel (46) einschlieRt, das wahl-
weise 0Ozur Signalverstirkung und Signal-
differenzierung zu betitigen ist, wobei das
modulierte, phasenverriegelte  Ringleitungs-
system weiter Schaltmittel (70 und 58) zur selek-
tiven Aktivierung des zweiten Schaltkreismittels
{46} in Verbingung mit dem Verstarkungsmittel
des ersten Schaltkreismittels {46) aufweist, um
die Frequenz des phasenverriegeiten Systems zu
modulieren, wobei das Schaltmitte! (70 und 58)
ferner ein Mittel zum selektiven Aktivieren des’
Signalverstarkungsmittels des zweiten Schalt-
kreismittels (64) in Verbindung mit dem
Signaldifferenzierungsmitte! des ersten Schalt-
kreismittels (46) aufweist, um die Phase des
phasenverriegelten Ringleitungssystemes zu
modulieren.

8. Moduliertes, phasenverriegeltes Ring-
leitungssystem nach einem der Anspriche 1 bis
7, das ein Mittel (48) zur Steuerung der Héhe des
Signales (Vm’) aufweist, das sowoh! dem ersten
als auch dem zweiten Modulationspfad als eine
inverse Funktion des Verstdrkungsfaktors des
phasenverriegelten, ringleitungsgesteuerten
Oszillatormittels K, zugefiihrt wird.

9. Moduliertes, phasenverriegeltes Ringleit-
ungssystem nach einem der Anspriiche 4,5 und 6
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mit einem Schaltkreismittel (110} zur Steurung
des Wertes des Verstdrkungsfaktors K, des
Phasendetektormittels (22) direkt proportional zu
N und in inverser Beziehung zu K,.

10. Moduliertes, phasenverriegeltes Ringleit-
ungssystem nach Anspruch 9, worin das Schalt-
kreismittel (20) eine Transfercharakteristik
aufweist, dis sich als Funktion der Frequenz des
gesteuerten Oszillatormittelausgangssignales
andert, und ein zweites phasenverriegeltes
Ringleitungssystem  aufweist, wobei das
Kompensatormittel (44) ein aktives Netz zum
Simulieren des zweiten phasenverriegelten
Ringleitungssystemes ist.

11. Signalerzeugungsvorrichtung zur selektiven
Zuflihrung eines frequenzmodulierten oder
phasenmodulierten Signales zu einem System-
ausgang (14), wobei die Signalerzeugungs-
vorrichtung aufweist:

einen spannungsgeregelten Oszillator {12), der
auf ein zugefiihrtes Steuersignal anspricht, um
ein Signal mit einem Frequenz (f,) zu erzeugen,
die von dem zugefiihrten Steuersignal abhéngig
ist, wobei der Ausgangsterminal das spannungs-
geregelten Oszillators (12) mit dem System-
ausgang (14) verbunden ist;

ein Frequenzteilermittel (18) mit einem
Eingangsterminal und einem Ausgangsterminal,
wobei der Eingangsterminal zur Aufnahme des
Signales geschaltet ist, das von dem spannungs-
geregelten Oszillator (12) geliefert wird;

ein Signalmischmittel (16) mit erstem  und
zweiten Eingang und einem Ausgang, von denen
der erste Eingang zur Aufnahme des von dem
spanningsgesteurten Oszillator (12). erzeugten
Signales bestimmt ist, und von denen der zweite
Eingang zur Aufnahme eines periodisch zuzu-
fihrenden Signales geschaltet ist;

ein Phasendetektormittel (22} mit einem ersten
und zweiten Eingang und einem Ausgang, wovon
der erste Eingang mit dem Ausgangsterminal des
Frequenzteilermittels (18) verbunden ist und der
zweite Eingang zur Aufnahme eines Referenz-
signales (von 23) bei einer vorausbestimmten
Frequenz (f,) geschaltet ist;

ein Filtermittel {24) mit einem Eingangsterminal
und einem Ausgangsterminal, von denen der
Eingangsterminal mit dem Ausgang des Phasen-
detektormittels (22) verbunden ist und von denen
der Ausgangsterminal zur Zufithrung eines Teiles
des Steuersignales zum spannungsgeregeiten
Oszillatormittel (12) geschaltet ist und

ein Integrator/Verstdrkungsmittel (64} mit
einem Eingangsterminal und einem Ausgangs-
terminal, von denen der Eingangsterminal zur
Aufnahme eines Modulationssignales (Vm’')
geschaltet ist und von denen der Ausgangs-
terminal mit dem Eingangsterminal des Filter-
mittels (24) verbundst, gekennzeichent durch
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ein spurfithrendes phasenverriegeltes Ring-
mittel (20} mit einer vorherbestimmten
Signaltransfercharakteristik und einem Eingang
sowie einem Ausgang, wovon der Eingang mit
dem Ausgang des Signalmischmittels (16) ver-
bunden ist;

die Programmierbarkeit des Frequenz-
teilermittels (18) durch Ansprechen auf ein zuge-
fdhrtes Frequenzprogrammiersignal, wobei das
Frequenzteilermittel ein Eingangsterminal
aufweist, der mit dem Ausgangsterminal des
spurfuhrenden phasenverriegelten Ringmittels
(20) verbunden ist;

ein Modulationskompensationsmittel (44) mit
einem Eingangsterminal und einem Ausgangs-

terminal, wovon der Eingangsterminal zur
Aufnahme eines Modulationssignales (Vm'’)
geschaltet ist, wobei das Modulations-

kompensationsmittel ein Stromkreismittel mit
einer Signaltransfercharakteristik einschlief3t, die
im wesentlichen gleich ist der Signaltransfer-
charakteristik des spurfiihrenden phasen-
verriegelten Ringmittels (20);

die Verbindung dem Eingangsterminal des
integrator/Verstarkermittels (64) mit dem
Ausgangsterminal des Modulations-
kompensationsmittels (44}, wobei das Integrator/
Verstarkungsmittel (64) ein Stromkreismittel (76
und 78) zur selektiven Verstarkung eines dem
Eingangsterminal des Integrator/Verstarkungs-
mittels (64) oder zum Integrieren eines dem
Eingangsterminal des Integrator/Verstdrkungs-
mittels zuzufiihrenden Signales einschlieft,
wobei das Integrator/Verstarkungsmittel (64)
ferner ein Schaltmittel (70} zum selektiven Beté-
tigen der Schaltmittel (76 und 78) zum integrieren
des Verstérkers einschlieBt und

ein Verstarkungs/Differenzierungsmittel (46)
mit einem Eingangsterminal und Ausgangs-
terminal wovon der Ausgangsterminal fir die
Zufithrung eines zweiten Teiles des Steuer-
signales des spannungsgeregelten Oszillator-
mittels {12) geschaltet ist und wovon der
Eingangsterminal zur Aufnahme des
Modulationssignales {(Vm’) geschaltet ist, wobei
das Verstarkungs/Differenzierungsmittel (46}
Schaltkreismittel (60 und 62) zum selektiven ver-
starken eines Signales (Vm'}, das dem Eingangs-
terminal des Verstérkungs/Differenzier-
ungsmittels (46) zugefGhrt wird, oder zum
Differenzieren eines Signales (Vm’) das dem

Eingangsterminal des
Verstarker/Differenzierungsmittels (46) zugefihrt
wird . ausschlie3t und wobei das

Verstarkungs/Differenzierungsmittel {46) weiter
einschlief3t eine Schaltmittel (58) zum selektiven
Betétigen der Schaltkreismittel (60 und 62) zum
Verstdrken und Differenzieren.
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